

TRANSIENT RESPONSE OF A 
BROADCAST SYSTEM 

• AS STATED IN A PREVIOUS 
ARTICLE,* a know ledge of the response of a 
linear network to a sinlflenly applied voltage 
is sufficient to determine the behavior of the 
network when any other voltage is applied 
and, similarly, tests of the oj)eration of a 
linear amplifier with S(]uare waves applied 
are sufficient to determine its response to the complex waveforms of 
speech or music. 

The advantages of square-wave testing on audio-frequency amplifiers 
suggest the desirability of extending the test method to radio broad¬ 
casting systems. Although broadcast transmitters and receivers operate 

•L. B. Arguimbaii. “Network Testing with Sijuere Weve*,” Crnrral Radio Kxprrimtinter, Derembrr, 1939. 

Ficcke 1. Thr author with the e(|tii|>ment used for making the tests. In the haek- 
ground is the fretjiiency-nuKlulated relay transmitter of the Yankee Network. 
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Fici’HK 2. Diaprani of the tei^l method used for the amplitude-modulated system. 


by virtue of non-linear elements, the 
carrier envelope in an amplitude- 
modulated transmitter output varies in 
a linear fashion with the audio-frequency 
input, and the audio output of a diode 
detector varies linearly with the carrier 
envelope. The envelope can he treated 
as a simple signal except when high per¬ 
centage of modulation and unsymmet- 
rical side-hand clipping are present si¬ 
multaneously. Under normal conditions, 
therefore, the same test methods that 
are used on linear networks should he 
valid for the broadcast system. 

Through the courtesy of Mr. Paul 
de Mars of the Yankee Network, we 
were able to make a series of tests on 
the over-all transient response of two 
typical broadcast systems, one using 
an amplitude-modulated transmitter 
(WN AC of Boston), the second using an 
Armstrong frequency-modulated trans¬ 
mitter. It should he emphasize<l that in 
ihese tests no attempt has l>een made 
to l(M*alize the elements limiting the 
frefjuency range. As will he seen from 


Figure 2, the amplitude-modulated sys¬ 
tem included the program line and a 
receiver in addition to the transmitter. 
It is likely that the receiver was more 
important than the transmitter in lim¬ 
iting the fidelity. This arrangement was 
intentional as the tests were made to 
determine whether or not square-wave 
methods were applicable to such a 
complicated system and not for the 
purpose of making a technical investi¬ 
gation of the details of the system. As 
a matter of fact, this arrangement made 
it possible to get a direct comparison of 
the fidelity of an amplitude system as 
used at present under favorable con¬ 
ditions with the fidelity of the -Arm¬ 
strong system. The results of the tests 
on WNAC are shown in Figure 3. Sev¬ 
eral points may be noticed. With a 
ISO-cycIe square wave, the response has 
a very sharp slojie. indicating phase 
shifts at the low frequencies. 

The response to a 500-cycle square 
wave is somewhat similar to the high- 
frequency response of a single-stage 


Fic.itre 3. 


OtM;inograniB showing the shape of square waves after passing through the complete 
amplitude-modulation system. 
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Figure 4. Diagram of 
t}ie arrangement u^ed for 
letting the frequency- 
modulation system. 



amplifier and indicates appreciable at¬ 
tenuation at frequencies as low as 1500 
cycles. 

As is well known, a square wave con¬ 
tains only odd harmonics of its funda¬ 
mental period. Thus, a square wave 
having a repetition frequency of 2000 
cycles will have a 2000-cycle component 
and no other components below' 6000 
cycles. The fact that the response to a 
2000-cycle square wave is essentially 
sinusoidal indicates that the system does 
not pass 6000 cycles or higher fre¬ 
quencies. 

Figure 4 shows the arrangement used 
in testing the frequency modulation sys¬ 
tem. Two connections were tested. In 
one case the relay transmitter in Boston 
was modulated by a square wave and 
received in Paxton,Massachusetts,about 
40 miles distant. The receiver output 
was then used to modulate the Paxton 
transmitter, which was then received in 
Boston. This chain of two transmitters 
and receivers is the arrangement nor¬ 
mally used by the Yankee Network in 


Boston. In a second test, the output of 
the relay transmitter was passed through 
a converter and received directly. 

The response for the complete two- 
link system is shown in Figure 5. The 
60-cycle response bears a close resem¬ 
blance to that of a multi-stage resistance- 
capacitance-coupled amplifier.* In spite 
of the severe phase shift shown by this 
curve, a careful analysis of it indicates 
that the attenuation at 60 cycles is less 
than 2 db. 

At 150 cycles the phase shift is obvi¬ 
ously less. There is no measurable at¬ 
tenuation at this frequency. The high- 
frequency response as indicated by the 
2000-cycle square-wave pattern is excel¬ 
lent. 

Corresponding patterns for the relay 
transmitter are shown in Figure 6. The 
150-cycle pattern is similar to that for 
the amplitude-modulated system. The 
difference in appearance of the vertical 
trace is caused by the limited high- 

*A method for computing such curve« ia gi%'en in on 
artieje by H. M. Lane, ’’Rcautance-Coupled Amplifier in 
Telcviaion.** Proe. J. R. E., April, 1932. 


Figure 5. Square-wave patterna obtained for die complete frequency-modulation system. Tlie oscil¬ 
lograms at the center and the right compare respectively with those at the left and right in Figure 3. 


'-rV VvV flA. 
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FuiLRE 6. OacillograniJ? for the f-m relay 
transmitter and reticiver only. (Compare these 
with the results for the same fre4|ijeiicies on 
the amplitude modulation system (Figure 4). 


Jieitz, a square-wave generator was 
applied to a record cutter and the 
pickup was later connected to an ampli¬ 
fier and cathode-ray tube. I’he results 
were by no means as good as those 
shown for the broadcast systems but 
the patterns were definitely recognizable 
as due to simple flaws such as insiifli- 
cient low -frequency res|>onse and high- 
frequency resonance. The effect of 
equalizers on the high-frequency reso¬ 
nance could be followed clearly. 

There has been much discussion about 
the applicability of square-wave tech¬ 
nique to acoustics, about whether or 
not phase is of importance and, if so, 
under what circumstances. Comments 
of a large numlier of jieople would indi¬ 
cate that there is a considerable differ¬ 
ence of opinion on the point. In any 
case, we can say that the response of 
a high-fidelity radio system is almost 
perfect in comparison to that of any 
available acoustic systems. The differ¬ 
ence between these two is so glaring 
that it would seem that much more 
emphasis should be put on acoustic 
work. 

The results show that square waves 
are useful in testing electrical networks 
aiid mechanical reproducers, but are 
not applicable to any of the acoustic 
systems testeil. At least the results in¬ 
dicate that the method has considerable 
promise in design and maintenance work 
on electrical networks. 

— L. B. Akgl’i.mbau 


frequency response* of the amplitude- 
modulated system. The 2000-cycle pat¬ 
tern indicates that the cut-off frequency 
is around 30 kilocycles. 

The writer is not in a |)osition to 
comment iqxm the theoretical questions 
concerning the fidelity of frequency- 
modulation systems, but can say with¬ 
out hesitation that the exjierimental 
results indicate a very high fidelity. 

These square-wave tests do not in¬ 
clude the microphone and loudsjieaker. 
While it is imjiossible to test these 
elements by ]uirely electrical methods, 
the combination of 8|)caker and micro¬ 
phone can lie so tested by applying 
square waves to the sjieaker, picking up 
the sound wave with the microphone, 
and observing its waveform on a 
cathode-ray oscillograph. Tests were 
made in tliis way on a variety of loud¬ 
speakers and miiTophones. With none 
of these combinations was it fM>ssible to 
gel recognizable sejuare-wave patterns 
on the oscillograph. 

This is not true of a phonograph 
recording and reproducer. In recent 
work ilone at M. I. T. bv Mr. L. P. 


TYPE 50 VARIACS 

FOR MULTIPLE AND 3-PHASE OPERATION 

• THE NEW TYPE 50 VARIAC*, lion than the smaller types. Ganged 
liecause of its ability to haiulle com- assemblies for u«* in S-phase circuits 
paratively large amounts of power, has and for parallel opt^ration exteml this 
a considerably greater field of applica- field still further. 

Riirkinnliaiii, "New Models of llic Variac,” C.rncral Kadto ICxprrimmUr, Volume XIV, No. 2, July, 19.19. 
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THREE-PHASE OPERATION 

As out in a previous article.f 

the inaxiiniim amount of |M>wer wliieli 
can U* handled by an assiMnhlv of Vari- 
acs in a thn^e-phase system is 

{Imax) (v 3.) 

where 

Ein = input line voltage 

/max = maximum allowable output 
current. 

This holds n'gardless of the typ«? of 
circuit used, i.e., whether the Variacs 
are connected in a wye, a cIosim] ilelta. 
or an optm delta. This jwwer can l>e 
handled in the vicinity of line voltage. 
When the over-voltage feature is used, 
rated current instead of maximum cur¬ 
rent must Ik* usi*d in calculating the 
output rating. It should also Im* n<»ted 
that, when the power rating, so calcu¬ 
lated. exceeds the combined ratings of 
the individual Variacs in the asst*mbl\. 
a greater-than-normal tem|K*ratun* rise 
may be expected because of greater 
losses produ<*ed by the higher flux <len- 
sity in the core. For a .50® Ontigrade 
rise, the maximum power drawn should 
not exceed the sum of the individual 
ratings. 

The connections most commonly ust-d 
in three-phase V'ariac assemblies are the 
wye and the o|K‘n delta. TTie closed 
delta, while sometimes us<>ful for S|K*cial- 
ized applications, does not give the ty|>e 
of voltage variation usually desired. 
Circuits for the wye and o|kui delta 
connections are given in Figures I to T. 
CorresjKmding ratings are listed in 
Table I, page 6. Only circuits o|>erating 
at 230 volts and bigher are listed l)c- 
cause there are comparatively few appli¬ 
cations for lower-voltage three-phast* 
systems. 

tL. K. ParXartl. ’'Threr-Ph**** VuJtafr with ihr 

Variar,** General Railkt Exprrimttutr, Vulume \I. No. 10. 
March. 1937. 



♦•onnrrterl ah kIiowii lirrr, ran l»r inwcl on a 
230-vult circuit to give a iiiaximiim output 
voltage of 270 volts. If the over-voltage con- 
iiectioii is not used, i.e.. if tlie line input is 
connected to terminal I instead of terminal 2, 
a maximum of 34.5 volts can Ite Itandlt-rl. 



mum output voltage of tt)0, o|K*n circuit. 
Kegulation, however, is |M>or. 



give a maximum output voltage of 540. If the 
input line is connected to terminal 1 instead of 
terminal 2, the maximum input and output 
voltage can In* .561). 

PARALLEL OPERATION 
When Variacs are operated in parallel 
a currcnl ecpializing choke must be used 
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Figure 4. The 0 |>ea>delta coniurction UHei» 
one IcAM Variac than the wye. Thia diagram 
shows two Type 50-B Variacs in an open delta. 


Figure 5. (Right) Connections for current* 
eipialixing choke when Variacs are in parallel. 



TABLE I 


OLTPVT 

ISPVT 

Type 

j\o. 

Heq'd. 

See 

Figure 

Kl A 

Line Current 
in Amperes 

3-Phase 
Line 
ViUtage 

3-Phase 
Line 
V^Utage 

Cir¬ 

cuit 

At Inpiu 
Volt. 

At Max. 
Volt. 

Max. 

Ratetl 

18 

16 

45 

40 

0-270 

230 

Y 

50..\ 

3 

(1) 

26 

26t 

45 

40 

0-3^15 

3^t5 

Y 

SO-A 

3 

(1) 



31 

20 

0 460* 

230 

Y 

50.B 

3 

(2) 

25t 

16 

31 

20 

0-540 

460 

Y 

50-11 

3 

(3) 

30t 

19 

31 

20 

0 560 

560 

Y 

.50-B 

3 

(3) 

12.5 

8 

31 

20 

0-270 

230 

Open A 

.50-B 

2 

(A) 


*Open><'ircuit voltaic — regulation ia mw for thu ounoection. 

tFor outpuU aa great as thia, the flux oenaity ia higher than normal, resulting in larger loaaea and a higber-than-nomial 
temperature rise. The maximum output for SO* rise ia 22.5 kva. The output listed ran, however, be safely handled by the 
Variac for short fterioda. 



to limit the flow of circulating current. 
Connections for such a choke are shown 
in Figure 6. For parallel o{)eration of 
two Type SO Variacs, Type 50-Pl Choke 
is available. This unit is mounted in a 
cast metal frame which can be fas¬ 
tened by the user in any convenient 
location in a two-gang assembly of 
Type 50 Variacs. 

The {)ower-handling capacity of two 
Variacs in parallel is, of course, double 
that of a single unit. 

Type 50 Variacs are now available in 
two- and three-gang assemblies. De¬ 
livery can usually be made within two 
weeks after the order is received. Prices 
are listed below, — S. A. Bi ckingham 

Figure 6. \ threr-gang aHtHrmhly of 

Type .S(1-B Variacs. 
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EXPERIMENTER 


SPECIFICATIONS 


Mounting: Unletts the order speeilies other¬ 
wise. ganged ass4‘mhlies will Im* supplied f*»r 
talde tiioiiiitiiig. This can he changed to panel 
mounting liy Itiosening the shaft and sliding it 
through the assemhiy. 

'I'he standard shaft length will accommodate 
a P^-ineh panel. If the assemhiy is to he used 
on a thicker panel, this must he s[»eciiied in the 
Tyfw nvserifUion 


order, and a spetriai long shaft will lie furnished 
without extra charge. 

The gange<l assemhlies cannot l>e used on a 
vertical panel without auxiliary bracing. 
Dimensions: 2-gang, 15)^ X I5)^x 17)^ inches 
over-all; 3-gang, 15.^2^ 15J^x2S}/^ inches over-all. 
Net Weight: 2-gang, 175 pounds: 3-gang, 
250 pounds. 

Cjpdo fi ord f*rice 


.50-A(;2 

2-gang. Type 50-A 

TI4KKNGANDI 

$225.00 

.50-nG2 

2-gang, Type 50-B 

TOPAZGANDC 

225.00 

5(I-\C3 

3-gang. Type 50-A 

tokenganty 

.335.00 

50-BG3 

3-gang, Type 50-B 

TOPAZGANTY 

335.00 

.50-n 

Choke 

PARAIXCHOK 

7..50 


VnriACA «rr inaniifiiclurr<{ underr U. S. Palmt Nm. 2,004,013. 
Thclrsdi* luiiiir VAHIAC i« rrpinli-red at the tJ. S. Patent Oflicr. 


ANEW SOUND 

• THE THREE YEARS which have 
elapsed since the original announcement 
of the Type 759-A Sound-Level Meter 
have seen the tran.sforniation of .sound- 
level measiiremenls from a little-used 
and little-known laboratory procedure 
into a valuable and widespread com¬ 
mercial operation. The General Katlio 
sound-level meter has lieen accepted in 
countless laboratories and industries as 
an accurate, convenient, and econom¬ 
ical means for making the various noise 
measurements required by modern con¬ 
ditions and markets. 

The experience gained in building 
many hundreds of these instruments 
has enabled the General Kadio Com¬ 
pany to produce an improved model 
known as the Type 759-B based upon 
the .same principles as the previous 
tyqie. but imrorjioraling advancements 
and simplifications which provide even 
higher degrees of convenience and ac¬ 
curacy. 

Of first importance is the microphone. 
\n exhaustive study of the various types 
available on the market has led to 
the development of this sjiecial type. 
Throughout the A.S.A.* range of 60 to 

* ".American Tentaliva Slaiidarda for Sound-I^vel 
Mrlem for Mra«>iiremcnl of Noiae and Ollier Sounda." 
Bulletin 7.24.3, Ameriran Siandardti Aaiiociation. 


LEVEL METER 

8000 cycles its performance is substan¬ 
tially the same as the earlier model so 
far as frequency characteristic is con¬ 
cerned. The new unit, however, is more 
sensitive and rugged and is substantially 
unaffected by all ordinary changes in 
temperature and humidity. Use of this 
more sensitive microphone has allowed 
the designers to make other changes in 
the sound-level meter which improve its 
dependability and ability to withstand 
hard usage in the field. 

For the convenience of the user the 
two atlenuators have l)een combined. 


Ficure 1. View of the Type 759-B Sound- 
Level Meter with cover removed. 
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Fii;i RK 2. 'Ilir |Hiwrr Mipply for the mmiiuI- 
Icvrl mrirr it: a hl(M‘k liattrr\ which 

moiinlH iiiHiilr the caliinct. (JoiifKH'tioitft arc 
made with a plug shown. 


Mi tliul till* main atlenuatnr knohrover^ 
th«* 4•om|^l«•lr ileribel ranjre. 'riir range 
itM'lf has iK'on extenclecl. so that tlie 
inaxiiniiin level is now 4-140 clh. 

\ further improvement is the pro¬ 
vision of a slow-fast meter. With the 
<*ontrol swit<’h in the fast |M>sition tin* 
meter movement is the same as in the 
rvPK 750-\ and eorresjKinds to the 
\.8.A. sj)e<*irieations. Many utM^rs, how¬ 
ever, have expressed a desire for a more 
heavily <lam|M*d meter. Merely throw¬ 
ing the control swit<*h to the slow 
|»ositi(»n prcHlu(!es this result, thus simpli- 
fving the measurement of the average 
level of thietuating sound. 

Sim’e the previous intMlel Muiiid-level 
meter was <lesigned, many improve¬ 
ments have lM*en ma<ie in vaeuiim tubers, 
and tulws of the latest l.i-voll series 


are used in the new model. The adcli- 
tional gain available from these tubes, 
together with the iimre sensitive niiero- 
phone. allows <’onsiderable simplifiea- 
lion of the eireuit. An im|M>rtant feature 
of the new eireuit is the double output 
stage, one-half of wliiidi ilrives the indi¬ 
eating meter and the other eonnerts to 
the output ja«’k for us«‘ with an analyzer, 
external meter, or plumes. There is no 
eonneetion iK'tween the internal indi¬ 
cating meter eireuit and this extra 
output eireuit. This eliminates all recti¬ 
fier distortion from the output and also 
makes the meter readings quite inde- 
|M‘ndent of what is eonneeted to the 
fuitput. The added convenience of these 
features will he readily appreciated by 
customers who use the sound meter with 
an analyzer. 

Last but not least, the new sound- 
level meter uses a single bhK*k battery 
of the ty|K‘ use<l in |M)rtable radio re- 
<*eivers. Positive eonne<’ti<»n to the bat¬ 
tery is made by means of a single plug. 
The battery both weighs and costs less 
than a set of batteries for the earlier 
model meler. 

In spite of the impr4>ved design, the 
price of the new sound-level meter re¬ 
mains the same as that <»f tlie earlier 
nuxlel — $195.00. For most practical 
purjioses the two meters are inter¬ 
changeable. but the new meter is even 
more convenient ami s<Tviceable than 
the older <me. 

II. II. Scott 


'riic'rvpc 759*A I^ouiid-Level Meier in tiuiniifacliirecl an<i soLI under llie following Lniled Stales 
Lellers l*atent : 

1. Patents of llie American Teleplione and IVIegraph Company solely for utili/.ation in research. 
invei«tigatioii. meai«urement. t4*Hting« iiir^triietion and development work in pure and applied S4*ience. 

2. Patent No. I.H7I.886. 


GENERAL RADIO COMPANY 

30 STATE STREET CAMBRIDGE A. MASSACHUSETTS 

BRANCH ENGINEERING OFFICES 
90 WEST STREET, NEW YORK CITY 
1000 NORTH SEWARD STREET. LOS ANGELES. CALIFORNIA 
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